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production of antibodies, in vivo, that speci?cally bind to 
nicotine. These conjugates comprise a nicotine hapten con 
jugated to an immunogenic carrier protein. The novel con 
jugates preserve the chirality of nicotine in its native (S)-(—) 
state, and have good stability properties. The conjugates are 
useful in formulating vaccines for active immunization, that 
are used to prevent and treat nicotine addiction. The anti 
bodies raised in response to the nicotine hapten-carrier 
conjugate are used for passive immunization. These anti 
bodies are administered for prevention and treatment of 
nicotine addiction. 
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HAPTEN-CARRIER CONJUGATES FOR 
TREATING AND PREVENTING NICOTINE 

ADDICTION 

FIELD OF THE INVENTION 

The present invention relates to treatment and prevention 
of nicotine addiction. In particular, the invention relates to 
novel hapten-carrier conjugates Which are capable of induc 
ing the production of antibodies. Such antibodies are 
capable of speci?cally binding to nicotine. Furthermore, the 
present invention envisages preventing or treating nicotine 
addiction by administering a nicotine-carrier conjugate in a 
pharmaceutically-acceptable formulation. The present 
invention also contemplates using the antibodies raised in 
response to the hapten-carrier conjugate for the prevention 
and treatment of nicotine addiction. 

BACKGROUND OF THE INVENTION 

Smoking of cigarettes, cigars, and pipes is a prevalent 
problem in the United States and WorldWide. Smoking 
tobacco and smokeless tobacco are rich in nicotine, Which is 
a knoWn addictive substance. Nicotine is an alkaloid derived 
from the tobacco plant that is responsible for smoking’s 
psychoactive and addictive effects. Nicotine is formed of 
tWo rings linked together by a single bond: an aromatic 
six-membered ring (pyridine) and an aliphatic ?ve-mem 
bered ring (pyrrolidine). The pyrrolidine is N-methylated 
and linked through its carbon-2 to the carbon-3 of pyridine. 
Thus, the carbon-2 is chiral, and there is virtually free 
rotation around the single bond linking the tWo rings. It has 
been established that the absolute con?guration of carbon-2 
is S. Thus, the natural con?guration of nicotine is (S)-(—) 
nicotine. 

Nicotine use is Widespread due to the easy availability of 
cigarettes, cigars, pipes and smokeless tobacco. According 
to the US. Department of Health and Human Services, 
cigarette smoking is the single leading cause of preventable 
death in the United States. See also McGinnis et al., J. Am. 
Med. Assoc., 270, 22074211 (1993). Exposure to second 
hand smoke also has been reported to have serious detri 
mental health elfects, including exacerbation of asthma. 

Even though the addictive nature of nicotine is Well 
knoWn, cigarette smoking is prevalent. Peak levels of nico 
tine in the blood, about 25 to 50 nanograms/ml, are achieved 
Within 10415 minutes of smoking a cigarette. In humans, 
smoking a cigarette results in arterial nicotine concentrations 
being 10-fold higher than venous nicotine concentrations 
because nicotine is rapidly delivered from the lungs to the 
heart (see Henning?eld (1993) Drug Alcohol Depend. 
33:23429). This results in a rapid delivery of high arterial 
concentrations of nicotine to the brain. Once nicotine 
crosses the blood-brain barrier, evidence suggests that it 
binds to cholinergic receptors, Which are normally activated 
by the neurotransmitter acetylcholine, Which is involved in 
respiration, maintenance of heart rate, memory, alertness 
and muscle movement. When nicotine binds to these recep 
tors, it can affect normal brain function, by triggering the 
release of other neurotransmitters, such as dopamine. 
Dopamine is found in the brain in regions involved in 
emotion, motivation, and feelings of pleasure. It is the 
release of neurotransmitters, especially dopamine, that is 
responsible for the tobacco user’s addiction to nicotine or 
other intake of nicotine. 
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2 
Due to the signi?cant adverse effects of smoking on 

health, smokers often try to quit. HoWever, the addictive 
nature of nicotine and the availability of cigarettes add to the 
continued dependence on nicotine and high failure rate of 
those Who try to quit. WithdraWal symptoms are unpleasant, 
and are relieved by smoking. 

Many therapies for nicotine addiction have been devel 
oped, but are largely ineffective. The tWo most popular 
therapies remain the nicotine transdermal patch and nicotine 
incorporated into cheWing gum. These therapies, termed 
“nicotine replacement therapies” (N RT), replace the amount 
of nicotine Which the user previously received from smoking 
and act to Wean the user olf nicotine. HoWever, certain 

draWbacks are seen With this type of therapy. Particularly, 
there is loW penetration of nicotine into the bloodstream and 
therefore an increased desire to smoke. Problems such as 

mouth irritation, jaW soreness, nausea, have been associated 
With use of nicotine cheWing gum. Problems such as skin 

irritations, sleep disturbance, and nervousness have been 
associated With use of nicotine transdermal patches. 

Therefore, an alternative methodology for treating nico 
tine addiction is needed. The literature recogniZes this need 
and there have been several attempts to provide a method 
ology for treating nicotine addiction. One of the methods 
involves the administration of antibodies Which have been 
raised in response to nicotine. HoWever, loW molecular 
Weight substances, called haptens, are knoWn to be unable to 
trigger an immune response in host animals. Nicotine is no 
exception, and as a small molecule it is not immunogenic. To 
elicit an antibody response to a hapten, it typically is 
covalently bound to a carrier protein, and the complex Will 
elicit the production of antibodies that recogniZe the hapten. 

For example, cotinine 4'-carboxylic acid, When bound 
covalently to keyhole limpet hemocyanin (KLH) Was used 
to generate antibodies to the nicotine metabolite cotinine. 
Those antibodies Were used to determine the presence of 
cotinine in physiological ?uids. See Bjerke et al. J. Immunol. 
Methods, 96, 2394246 (1987). 

Other nicotine antibodies Were prepared by Castro et al., 
(Eur J. Biochem, 104, 3314340 (1980)). Castro et al. 
prepared nicotine haptens, conjugated to bovine serum albu 
min (BSA), With the carrier protein conjugated via a linker 
at the 6-position of nicotine. Castro et al. prepared additional 
nicotine conjugates of BSA Which Were injected into mam 
mals to raise antibodies. In another publication, Castro et al. 
in Biochem. Biophys. Res. Commun. 67, 5834589 (1975) 
disclose tWo nicotine albumin conjugates: N-succinyl-6 
amino-(:)-nicotine-BSA and 6-(o-aminocapramido)-(:) 
nicotine-BSA. In this 1975 publication, Castro et al. also 
used antibodies to nicotine carrier conjugate, 6-(o-aminoca 
pramido)-(:)-nicotine-BSA, to determine the levels of nico 
tine in blood and urine, see Res. Commun Chem. Path. 
Pharm. 51, 3934404 (1986). 

SWain et al. (WO 98/14216) disclose nicotine carrier 
conjugates Wherein the hapten is conjugated at the 1, 2, 4, 5, 
6, or 1' position of the nicotine. Hieda et al. have shoWn that 
animals immunized With 6-(carboxymethylureido)-(:)-nico 
tine, Which Was linked to keyhole limpet hemocyanin, 
produced antibodies speci?c to nicotine. J. Pharm. and 
Expen Them. 283, 107641081 (1997). Langone et al. pre 
pared the hapten derivative, O-succinyl-3'-hydroxymethyl 
nicotine, see Biochemistry, 12, 502545030, and used the 
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antibodies to this hapten carrier conjugate in radioimmu 
noassays. See Methods in Enzymology, 84, 6284635 (1982). 
The conjugate produced by Langone is susceptible to 
hydrolysis. Additionally, Abad et al. in Anal. Chem, 65, 
322743231 (1993) describe conjugating 3'-(hydroxymethyl) 
nicotine hemisuccinate to bovine serum albumin to produce 
antibodies to nicotine in order to be able to measure nicotine 
content in smoke condensate of cigarettes in an ELISA 
assay. 

Therefore, the prior art does not teach a stable nicotine 
carrier conjugate that preserves the chiral nature of the 
nicotine hapten, and that links the hapten to the carrier in a 
Way that conserves the nature of the nicotine epitope(s). 
Moreover, the art does not teach or suggest methods of 
preventing and treating nicotine addiction by using such 
conjugates. Seeman in Helerocycles, 22, 1654193, (1984) 
discloses results of a study of the conformational analysis 
and chemical reactivity of nicotine. 

SUMMARY OF THE INVENTION 

In response to the demand for a more effective method 

ology for treating nicotine addiction, it is one object of 
the,present invention to provide novel nicotine-carrier con 
jugates that are stable, comprise nicotine in its natural 
(S)-(—) formation, and employ a nicotine-carrier linkage that 
preserves the nature of the nicotine epitope(s), and the 
relative orientation of the tWo rings of the nicotine molecule. 
Both rings of nicotine, and their relative orientation, are 
believed to be essential for the recognition by antibody of 
nicotine in solution. Such conjugates are capable of stimu 
lating the production of antibodies that are capable of 
speci?cally binding to nicotine. Using the inventive conju 
gates, the inventors have raised serum nicotine levels, and 
decreased brain nicotine levels, in mammals. Additionally, 
using the conjugates of the invention, the inventors also have 
prevented nicotine-induced changes in blood pressure, and 
locomotor effects. 

In another object of the present invention is provided a 
method of treating nicotine addiction by administering a 
conjugate of the invention to a patient addicted to nicotine 
thereby generate anti-nicotine antibodies in that patient. 
Thus, When the patient smokes (or uses cheWing tobacco), 
the nicotine from these products Will be bound by the 
anti-nicotine antibodies in the blood, preventing the nicotine 
from crossing the blood-brain barrier, hence eliminating the 
nicotine-induced alterations in brain chemistry, Which is the 
source of nicotine-addiction. In this regard, it is important 
that the nicotine-carrier conjugate elicit the production of 
antibodies that Will recogniZe the native nicotine molecule. 
As described above, the novel nicotine-carrier conjugates of 
the invention preserve the chirality and the epitope(s) of 
naturally-occurring nicotine. 

The inventors do not intend to be bound by any particular 
theory as to hoW the nicotine conjugates, and the antibodies 
produced in response to such conjugates, inhibit the effects 
of nicotine ingested by mammals. In addition to preventing 
nicotine from crossing the blood brain barrier, the antibodies 
also may prevent nicotine from binding to other receptors in 
the peripheral nervous system by simple steric blockage. 

These objects can be achieved by providing a hapten 
carrier conjugate of formula (I): 
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(1) 

Carrier 
(CHZ)H_ X— (CHZ)Y_Y Protein 

/ 
N 

CH3 

Whereinm is 1 to 2500, n is 0to 12, y is 1 to 12, X is selected 
from the group consisting of NH4CO, COiNH, 
COiNHiNH, NHiNHiCO, NH4COiNH, 
COiNHiNH4CO, and SiS; Y is selected from the 
group consisting of NH4CO, COiNH, COiNHiNH, 
NHiNHiCO, NHiCOiNH, COiNHiNHiCO, 
and SiS, and the i(CH2)niXi(CH2)yiYi moiety is 
bonded to the 3', 4' or 5' position. In a preferred embodiment 
of the hapten carrier conjugate, m is 11 to 17, n is 1, y is 2, 
X is NHiCO, Y is COiNH, the carrier protein is exopro 
tein A and the i(CH2)niXi(CH2)yiYi moiety is 
bonded to the 3' position. In another preferred embodiment 
of the hapten-carrier conjugate, m is 11 to 17, n is 1, y is 2, 
X is NHiCO, Y is COiNH, the carrier protein is exopro 
tein A and the i(CH2)niXi(CH2)yiYi moiety is 
bonded to the 4' position. In a further preferred embodiment 
of the hapten-carrier conjugate, m is 11 to 17, n is 1, y is 2, 
X is NHiCO, Y is COiNH, the carrier protein is exopro 
tein A and the i(CH2)niXi(CH2)yiYi moiety is 
bonded to the 5' position. In an additionally preferred 
embodiment, m is selected from the group consisting of 1 to 
20 and 1 to 200. 

The above objects also be achieved by providing a 
hapten-carrier conjugate of formula (III): 

(III) 

Carrier 
(C H2)n E Protein 

Wherein n is 0 to 12,j is 1 to 1000, k is 1 to 20, and E is an 
amino acid-containing matrix. In a preferred embodiment, 
the matrix is poly-L-glutamic acid. 

The objects can also be achieved by providing an anti 
body Which is produced in response to the hapten-carrier 
conjugate of Formula (I). In an additional embodiment, the 
antibody is a functional fragment. In a preferred embodi 
ment, the antibody is a monoclonal antibody. In an addi 
tional embodiment of the invention, the antibody is poly 
clonal. 

The objects can also be achieved by providing an anti 
body Which is produced in response to the hapten-carrier 
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conjugate of Formula (III). In an additional embodiment, the 
antibody is a functional fragment. In a preferred embodi 
ment, the antibody is a monoclonal antibody. In an addi 
tional embodiment of the invention, the antibody is poly 
clonal. 

The objects can be achieved by providing a method of 
treating or preventing nicotine addiction in a patient in need 
of such treatment comprising administering a therapeuti 
cally effective amount of the hapten-carrier conjugate of 
Formula (I) or (III). Alternatively, the objects can be 
achieved by providing a method treating or preventing 
nicotine addiction in a patient in need of such treatment 
comprising administering a therapeutically effective amount 
of antibody raised in response to the hapten-carrier conju 
gates of Formula (I) or (III). 

Additionally, the objects can be achieved by providing a 
vaccine composition Which comprises the hapten carrier 
conjugate of Formula (I) or Formula (III). In addition the 
vaccine can further comprise an additional therapeutic com 
pound for treating nicotine addiction. 

The objects also can be achieved by providing a process 
for producing an antibody, comprising immunizing a host 
mammal With a hapten-carrier conjugate of Formula (I) or 
(III). In a preferred embodiment, the antibody produced is a 
monoclonal antibody. In an additional embodiment the anti 
body is polyclonal. 

Additional objects can be achieved by providing a kit for 
determining the presence of nicotine in a sample, compris 
ing an antibody of raised in response to the hapten-carrier 
conjugate of Formula (I) or Formula (III). 

These objects and others apparent to those skilled in the 
art have been achieved by the invention described beloW in 
the detailed description and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a chart that shoWs the effect of active immuni 
zation, With a 3'AMNic-Suc-rEPA conjugate vaccine, on 
nicotine blood serum levels in rats, folloWing a singe injec 
tion of nicotine. Nicotine serum levels, 3 and 10 minutes 
after nicotine injection, are shoWn. 

FIG. 2 shoWs the effect of passive immunization, With 
antibodies against 3'-AMNic-Suc-rEPA, on nicotine levels 
in blood and brain of rats. Rats Were treated With 12.5, 25 
and 50 mg of antibody. 

FIG. 3 shoWs the effects of passive immunization, With 
antibodies against 3'-AMNic-Suc-rEPA, on nicotine levels 
in blood serum and brain, in rats. Nicotine levels Were 
measured 30 minutes and 1 day after antibody administra 
tion and 3 minutes for nicotine injection. 

FIG. 4 shoWs the effect of passive immunization, With 
antibodies against 3'-AMNic-Suc-rEPA, on nicotine blood 
serum levels, in rats receiving multiple doses of nicotine. 
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FIG. 5 shoWs the effects of passive immunization, With 

antibodies against 3'-AMNic-Suc-rEPA, on nicotine levels 
in rat brain, in rats receiving multiple doses of nicotine. 

FIG. 6 shoWs the effects of passive immunization, With 
antibodies against 3'-AMNic-Suc-rEPA, on nicotine-in 
duced locomoter elfects, in rats. 

FIG. 7 shoWs the effects of passive immunization, With 
antibodies against 3'-AMNic-Suc-rEPA, on nicotine-in 
duced increase in systolic blood pressure. The Figure shoWs 
that the increasing amounts of antibody increases the effec 
tiveness of the antibodies in decreasing the nicotine-increase 
in blood pressure. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention provides a nicotine hapten carrier 
conjugate for treating addiction to nicotine. The nicotine 
hapten-carrier conjugate is of formula (I): 

(I) 

/ 
N 

CH3 

Wherein m is l to 2,500; n is 0 to 12; y is l to 12; X is 
selected from the group consisting of NH4CO, COiNH, 
COiNHiNH, NHiNHiCO, NH%OiNH, 
COiNHiNH4CO and SiS; Y is selected from the 
group consisting of NH4CO, COiNH, COiNHiNH, 
NHiNHiCO, NH%OiNH, COiNHiNHiCO and 
SiS; the carrier protein is any suitable immunogenic pro 
tein or polypeptide. Preferably the carrier protein may 
comprise a T-cell epitope, and the i(CH2)niXi(CH2)yi 
Yi moiety is bonded to the 3', 4' or 5' position of the 
nicotine molecule. 

In formula (I), m is preferably 1 to 200. In another 
preferred embodiment, m is l to 20. In a particularly 
preferred embodiment, m is 11 to 17. In another preferred 
embodiment, X is selected from the group consisting of 
NH%O, COiNH, COiNHiNH, NHiNHiCO, 
NH%OiNH, and COiNHiNH%O. 

If m is more than one, the moiety in brackets is attached 
m times to different points of attachment in the carrier 
protein. For example, if m:2, then formula (I) Would be: 

Carrier 

/ 
N 

CH3 
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Because antibodies cannot be raised in response to nico 

tine itself, the present inventors have developed a nicotine 
hapten Which is derivatiZed at the 3', 4', or 5' position of 
nicotine. This moiety is bound to a carrier protein to yield a 

hapten carrier conjugate, Which Will raise antibodies against 
the nicotine moiety, When it is injected into a suitable host 
mammal. In this regard, in order for a pharmaceutical 

composition comprising the hapten carrier conjugate to 
induce the production of antibodies When administered to a 

mammal, the carrier protein must be immunogenic. Prefer 
ably, it Will comprise a T cell-epitope. Thus, When the carrier 
protein is conjugated to the nicotine hapten, and subse 
quently is administered to a mammal, the mammal produces, 
or “raises” antibodies in response to the nicotine hapten. 

Haptens and DerivatiZation 

The term “hapten” as used in the present invention refers 
to a loW-molecular Weight organic compound that is not 
capable of eliciting an immune response by itself but Will 
elicit an immune response once attached to a carrier mol 
ecule. In a preferred embodiment, the hapten is attached to 
the carrier via a linker. A hapten of the present invention is 
a nicotine derivative. This nicotine hapten contains a reac 
tive functional group, to Which the carrier can be attached 
directly, or via a linker, or via a matrix, or via a linker and 
a matrix. Preferably, the nicotine hapten is attached to the 
carrier protein via an amide or disul?de bond. Amide and 
disul?de bonds have the desirable property of stability. 
Because the hapten-carrier conjugates of the invention Will 
be used as vaccines, it is important that the conjugates are 
stable, to prolong the shelf life of the vaccine. 

In a preferred embodiment of the present invention, the 
nicotine hapten is represented by formula (II): 

Wherein n is 0 to 12 and Z is NH2, COOH, CHO or SH and 
i(CH2)niZ can be bonded to the 3', 4' or 5' position. The 
Z moiety is capable of binding to a carrier, directly or via a 
linker. The carrier-hapten conjugate Will induce the produc 
tion of antibodies upon its introduction into the body of a 
patient or an animal. 

In a particularly preferred embodiment, the nicotine hap 
ten is of the folloWing formula (3'-aminomethyl nicotine): 
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l . Direct Conjugates 

To make a “direct conjugate,” a single nicotine hapten is 
directly attached to a carrier, With or Without a linker. For 
example, a single nicotine hapten can be attached to each 
available amine group on the carrier. General methods for 
directly conjugating haptens to carrier proteins, using a 
homobifunctional or a heterobifunctional cross-linker are 

described, for example, by G. T. Hermanson in Bioconjugale 
Techniques, Academic Press (1996) and Dick and Beurret in 
Conjugate Vaccines. Contribu. Microbiol. Immunol. Karger, 
Basal (1989) vol. 10, 484114. With direct conjugation using 
bifunctional crosslinkers, the molar ratio of hapten to protein 
is limited by the number of functional groups available on 
the protein for the speci?c conjugation chemistry. For 
example, With a carrier protein possessing n number of 
lysine moieties, there Will be, theoretically, n+1 primary 
amines (including the terminal amino) available for reaction 
With the linker’s carboxylic group. Thus, using this direct 
conjugation procedure the product Will be limited to having 
n+1 amido bonds formed, i.e., a maximum of n+1 haptens 
attached. 

The skilled artisan Will recogniZe that depending on the 
concentration of the reactants used to conjugate the nicotine 
hapten to the carrier protein, and the nature of the carrier 
protein, the ratio of hapten to carrier Will vary. Also, Within 
a given preparation of nicotine-carrier conjugate, there Will 
be variation in the hapten/carrier ratio of each individual 
conjugate. For example, exoprotein A has, in theory, 15 
amines available for conjugation With hapten. HoWever, the 
inventors determined that When 3'aminomethyl-succinyl 
nicotine Was conjugated to this protein, a range of 11417 
nicotine haptens Were attached to each exoprotein A carrier, 
in a single preparation of conjugate. This range Was experi 
mentally determined using gas ?ltration chromatography 
and measuring the increase in UV absorbance at 260 nm. 17 
nicotines Were attached to some carriers because the nicotine 
hapten can attach to non-amine moieties on the carrier. 
Examples of non-amine moieties to Which the hapten can 
attach include, but are not limited to, 48H and 40H 
moieties. HoWever, the incidence of these side reactions is 
loW. 

2. Matrix Conjugates 
To circumvent the limitations on the number of haptens 

that can be attached to carrier using direct conjugation, an 
amino acid “matrix” can be used. The term “matrix” denotes 
an amino acid, a peptide, dipeptide, or a polypeptide, 
including oligomeric and polymeric polypeptides. A matrix 
also may be a linear or branched polypeptide. Examples of 
amino acids that may be used to form a matrix include, but 
are not limited to, aspartic acid, lysine, cysteine, and 
L-glutamic acid. Such matrix materials may be formulated 
into polymers, such as poly-L-glutamic acid. When an 
amino acid such as cysteine is used, the thiol group is 
protected, thereby permitting the hapten to be linked to the 
carboxylic group of the amino acid. One skilled in the art 
Would be Well familiar With types of protecting groups and 
means of attaching protecting groups to amino acid func 
tionalities. For a discussion, see Green, PROTECTIVE GRoUEs IN 
ORGANIC CHEMISTRY, John Wiley & Sons, NeW York, 1991. 
A suitable matrix possesses an appropriate functional 

group and is loaded With tWo or more haptens. Thus, in 
another preferred embodiment of the invention, the nicotine 
substituted matrix is conjugated to the carrier protein to 
increase the hapten to carrier molar ratio in the hapten 
carrier conjugate. The matrix plays a double role, ?rst, as a 
support for a large number of haptens and, second, as a cross 



US 7,247,502 B2 

linker. The nicotine substituted matrix conjugated to a 
carrier protein is represented by formula (II): 

(III) 

(CH2)n E 

/ CH3 
N 

Whereinn is 0 to l2,j is l to 1000, k is l to 20 E is an amino 
acid-containing matrix to Which a hapten can be bonded, and 
the carrier protein is any suitable protein or polypeptide 
comprising a T-cell epitope. The amino acid-containing 
matrix E may be an amino acid, a peptide, dipeptide, or a 
polypeptide, including oligomeric as Well as polymeric 
polypeptides. The matrix comprises one or more amino 
acids that include, but are not limited to, aspartic acid, 
lysine, cysteine, and poly-L-glutamic acid. In a preferred 
embodiment, j is l to 200, and in another preferred embodi 
ment,j is l to 4. 

Matrix-carrier conjugates are capable of forming multi 
meric “lattices.” Such a lattice is represented in the ?gure 
beloW. The term “lattice” is used to denote a covalently 
linked complex, comprising multiple matrices, haptens, 
linkers and carrier proteins, all of Which are covalently 
linked together. Because the nicotine-substituted matrix 
comprises multiple nicotine moieties available for conjuga 
tion With carrier, a lattice comprising multiple carriers, and 
multiple nicotine-substituted matrices, can be formed. A 
simpli?ed representation of a portion of such a lattice is 
represented as folloWs: 

<>— W v\/\/\/\/\/\/\ Q 
Nicotine linker matrix carrier 
hapten protein 

The skilled artisan Will recogniZe that a lattice according 
to the invention comprises a hapten carrier conjugate of 
Formula (111). 
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10 
This conjugation method employing a matrix o?fers ?ex 

ibility and control over hapten to protein molar ratios 
regardless of the number of functional groups available for 
conjugation on the protein. This is particularly useful When 
a speci?c carrier protein has been used and When an optimal 
ratio needs to be obtained in order to achieve higher immu 
nogenicity of the conjugate. While it is not necessary to use 
an When using a matrix, such a linker can be used. To use a 
linker With this embodiment, the nicotine substituted matrix 
is reacted With an active linker compound. For example, 
ADH, adipic acid dihydraZide, can be used as a linker With 
the matrix conjugates. 

Carrier Proteins 

Once the nicotine hapten has been prepared, it is then 
conjugated to a carrier protein Which Will be used to raise 
antibodies to the nicotine carrier conjugate. The carrier 
protein used in the present inventive nicotine carrier conju 
gate is represented by 

in formulae (1) and (Ill) and encompasses any suitable 
immunogenic protein or polypeptide. An “immunogenic” 
molecule is one that is capable of eliciting an immune 
response. Preferably, the carrier protein Will comprise a 
T-cell epitope. Also encompassed by the representation of a 
“carrier protein” are MAPs or multi-antigenic peptides, 
Which are branched peptides. By using a MAP, hapten 
density and valency are maximiZed because of multiple 
branched amino acid residues. Examples of amino acids that 
can be used to form a MAP include, but are not limited to, 
lysine. 
A carrier protein of the instant invention comprises a 

molecule containing at least one T cell epitope Which is 
capable of stimulating the T cells of the subject, Which 
subsequently induces B cells to produce antibodies against 
the entire hapten-carrier conjugate molecule. The term 
“epitope” as used in describing this invention, includes any 
determinant on an antigen that is responsible for its speci?c 
interaction With an antibody molecule. Epitopic determi 
nants usually consist of chemically active surface groupings 
of molecules such as amino acids or sugar side chains and 
have speci?c three dimensional structural characteristics as 
Well as speci?c charge characteristics. It is believed that to 
have immunogenic properties, a protein or polypeptide must 
be capable of stimulating T-cells. HoWever, it is possible that 
a carrier protein that lacks a T-cell epitope may also be 
immunogenic. 
By selecting a carrier protein Which is knoWn to elicit a 

strong immunogenic response, a diverse population of 
patients can be treated by the inventive hapten-carrier con 
jugates. The carrier protein must be suf?ciently foreign to 
elicit a strong immune response to the vaccine. Typically, the 
carrier protein used preferably Would be a large molecule 
that is capable of imparting immunogenicity to a covalently 
linked hapten. A particularly preferred carrier protein is one 
that is inherently highly immunogenic. Thus a carrier protein 
that has a high degree of immunogenicity and is able to 
maximiZe antibody production to the hapten is highly desir 
able. 
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Both bovine serum albumin (BSA) and keyhole limpet 
hemocyanin (KLH) have commonly been used as carriers in 
the development of conjugate vaccines When experimenting 
With animals. However, these proteins may not be suitable 
for human use. Proteins Which have been used in the 
preparation of therapeutic conjugate vaccines include, but 
are not limited to, a number of toxins of pathogenic bacteria 
and their toxoids. Examples include diphtheria and tetanus 
toxins and their medically acceptable corresponding toxoids. 
Other candidates are proteins antigenically similar to bac 
terial toxins referred to as cross-reacting materials (CRMs). 

In the preparation of nicotine conjugate pharmaceutical 
compositions, recombinant Pseudomonas aeruginosa exo 
proteinA (rEPA) may be used as a carrier protein because its 
structure and biological activities have been Well character 
iZed. Moreover, this recombinant protein has been success 
fully and safely used in humans in the Staphylococcus 
aureus capsular polysaccharide conjugate vaccines by the 
National Institutes of Health and by the present inventors. 
Fattom et al., Infect Immun. 61 1023*1032 (1993). This 
protein has been identi?ed as a suitable protein carrier 
because the intrinsic enZymatic activity of the native exo 
toxin has been eliminated due to an amino acid deletion at 
position 553. As a result, rEPA has the same immunological 
pro?le as the native exotoxin A (ETA), but does not possess 
the hepatotoxic properties of the native ETA. As used in this 
application, “exoprotein A” refers to a modi?ed, non-hepa 
totoxic, ETA. On example of such an exoprotein A has an 
amino acid deletion at position 553. 

Conjugation of Hapten to Carrier Protein 

There are a large number of functional groups Which can 
be used in order to facilitate the linking or conjugation of a 
carrier to a small molecule, such as a hapten. These include 
functional moieties such as carboxylic acids, anhydrides, 
mixed anhydrides, acyl halides, acyl aZides, alkyl halides, 
N-maleimides, imino esters, isocyanates, amines, thiols, and 
isothiocyanates and others knoWn to the skilled artisan. 
These moieties are capable of forming a covalent bond With 
a reactive group of a protein molecule. Depending upon the 
functional moiety used, the reactive group may be the E 
amino group of a lysine residue or a thiol group, on a carrier 
protein or a modi?ed carrier protein molecule Which, When 
reacted, results in amide, amine, thioether, amidine urea or 
thiourea bond formation. One skilled in the art Would 
recogniZe that other suitable activating groups and conju 
gation techniques can be used. See, for example, Wong, 
Chemistry ofProtein Conjugation and Cross-Linking, CRC 
Press, Inc. (1991). See also Hermanson, BIOCONJUGATE 
TECHNIQUES, Academic Press: 1996 and Dick and Beur 
ret in Conjugate Vaccines. Contribu. Microbiol. Immunol., 
Karger, Basal (1989) vol. 10, 48*114. 

Linear linker moieties are preferred, over cyclic or 
branched linkers, for conjugation of haptens to carrier pro 
teins. A preferred linker is a succinyl moiety. HoWever, a 
linker may be a cyclic structure as Well as a linear moiety. 
Another example of a linker is ADH. 

Thus, the nicotine hapten-carrier conjugates of the present 
invention are prepared by reacting one or more haptens With 
a carrier protein to yield a hapten carrier conjugate Which is 
capable of stimulating T cells, leading to T cell proliferation 
and release of mediators Which activate speci?c B cells to 
stimulate antibody production in response to the immuno 
genic hapten carrier conjugate. Certain antibodies raised in 
response to the hapten carrier conjugate Will be speci?c to 
the hapten portion of the hapten-carrier conjugate. The 
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12 
present invention contemplates the use of various suitable 
combinations of haptens With carrier proteins for use in the 
treatment of nicotine addiction. 

Monoclonal and Polyclonal Antibodies 

Techniques for making monoclonal antibodies are Well 
knoWn in the art. Monoclonal antibodies can be obtained by 
injecting mice With a composition comprising the nicotine 
hapten carrier conjugate, subsequently verifying the pres 
ence of antibody production by removing a serum sample, 
removing the spleen to obtain B-lymphocytes, fusing the 
B-lymphocytes With myeloma cells to produce hybridomas, 
cloning the hybridomas, selecting positive clones Which 
produce antibodies to the hapten-carrier conjugate, culturing 
the clones that produce antibodies to the antigen, and 
isolating the antibodies from the hybridoma cultures. 

Monoclonal antibodies can be isolated and puri?ed from 
hybridoma cultures by a variety of Well-established tech 
niques. Such isolation techniques include af?nity chroma 
tography With Protein-A Sepharose, siZe-exclusion chroma 
tography, and ion-exchange chromatography. See, for 
example, Coligan at pages 2.7.1*2.7.12 and pages 
2.9.1*2.9.3. Also, see Baines et al., “Puri?cation of Immu 
noglobulin G (IgG),” in METHODS IN MOLECULAR 
BIOLOGY, VOL. 10, pages 79*104 (The Humana Press, 
Inc. 1992). 

Techniques for preparing polyclonal antibodies also are 
Well-knoWn in the art. Polyclonal antibodies are prepared 
according to standard techniques knoWn in the art. To 
prepare a polyclonal antibody, an animal is injected With the 
immunogenic material and antibody rich serum is collected 
Which contains therein a mixture of antibodies that are 
directed against numerous epitopes of the immunogen that 
Was injected. Suitable host mammals for the production of 
antibodies include, but are not limited to, humans, rats, mice, 
rabbits, and goats. 

In accordance With the present invention, functional anti 
body fragments also can be utiliZed. The fragments are 
produced by methods that include digestion With enZymes 
such as pepsin or papain and/or cleavage of disul?de bonds 
by chemical reduction. Alternatively, antibody fragments 
encompassed by the present invention can be synthesiZed 
using an automated peptide synthesiZer such as those sup 
plied commercially by Applied Biosystems, Multiple Pep 
tide Systems and others, or they may be produced manually, 
using techniques Well knoWn in the art. See Geysen et al., J. 
Immunol. Methods 102: 259 (1978). Direct determination of 
the amino acid sequences of the variable regions of the 
heavy and light chains of the monoclonal antibodies accord 
ing to the invention can be carried out using conventional 
techniques. 
A fragment according to the present invention can be an 

Fv fragment. An Fv fragment of an antibody is made up of 
the variable region of the heavy chain (Vh) of an antibody 
and the variable region of the light chain of an antibody (Vl). 
Proteolytic cleavage of an antibody can produce double 
chain Fv fragments in Which the Vh and V1 regions remain 
non-covalently associated and retain antigen binding capac 
ity. Fv fragments also include recombinant single chain 
antibody molecules in Which the light and heavy chain 
variable regions are connected by a peptide linker. See 
Skerra, et al. Science, 240, 1038*41 (1988). Antibody frag 
ments according to the invention also include Fab, Fab‘, 
F(ab)2, and F(ab')2, Which lack the Fc fragment of an intact 
antibody. 
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Therapeutic Methods 

Because nicotine exerts many of its signi?cant effects 
after it crosses the blood brain barrier, the present invention 
encompasses therapeutic methods that prevent nicotine from 
crossing the blood brain barrier. In particular, administration 
of a nicotine hapten-carrier conjugate to a patient Will 
generate antibodies against nicotine, in the bloodstream of 
the patient. Alternatively, anti-nicotine antibodies generated 
outside the body of the patient to be treated, in a suitable host 
mammal, can be administered to a patient. If the patient 
smokes, the nicotine in his blood Will be bound by the 
circulating anti-nicotine antibodies, preventing the nicotine 
from reaching the brain. Therefore, the antibodies Will 
prevent the physiological and psychological effects of nico 
tine that originate in the brain. Because the smoker Will 
experience a lessening or cessation of these effects, he/she 
Will lose the desire to smoke. The same therapeutic effects 
are expected if a patient uses smokeless tobacco, after being 
immuniZed With a nicotine hapten-carrier conjugate of the 
invention. Additionally, the conjugates and antibodies of the 
invention may exert their effects by affecting the ability of 
nicotine to stimulate the peripheral nervous system. 
As discussed above, the novel nicotine-carrier conjugates 

of the invention preserve the native chirality and structure of 
the nicotine molecule. In particular, the nicotine moiety of 
these conjugates has the (S)-(—) con?guration. Therefore, 
the antibodies produced in response to such a conjugate Will 
be speci?c to the native form of nicotine, and Will be the 
most effective in speci?cally binding to nicotine that is 
inhaled from smoking or absorbed from smokeless tobacco, 
and in inhibiting the effects of this ingested nicotine. Addi 
tionally, the inventive conjugates are chemically stable, and 
stability is critical to producing a vaccine having a long shelf 
life. 

The present vaccine composition can be used in combi 
nation With compounds or other therapies that are useful in 
the treatment of addiction. This includes administration of 
compounds Which include, but are not limited to, anti 
depressant drugs such as Zyban and ProZac. 

1. Administration of a Nicotine Hapten-Carrier Conjugate 
The conjugates of the invention are suitable for treating 

and preventing nicotine addiction. For treating nicotine 
addiction, a nicotine-carrier conjugate of the invention is 
administered to a patient suffering from nicotine addiction. 
For preventing nicotine addiction, patients at risk for devel 
oping nicotine addiction, such as teenagers, are treated With 
a conjugate according to the invention. Direct administration 
of the conjugate to a patient is called “active immunization.” 

Avaccine composition of the present invention comprises 
at least one nicotine hapten-carrier conjugate in an amount 
su?icient to elicit an immune response thereto. The nicotine 
hapten carrier conjugate is capable of remaining in vivo at 
a concentration suf?cient to be active against subsequent 
intake of nicotine. 

Initial vaccination With the nicotine hapten carrier conju 
gate of the present invention creates high titers of antibodies 
that are speci?c to nicotine. The therapeutically effective 
amount of a conjugate Which is administered to a patient in 
need of treatment for nicotine addiction is readily deter 
mined by the skilled artisan. Suitable dosage ranges are 
lil000 ug/dose. It generally takes a patient one to several 
Weeks to generate antibodies against a foreign antigen. The 
production of antibodies in a patient’s blood can be moni 
tored by using techniques that are Well-knoWn to the skilled 
artisan, such as ELISA, radioimmunoassay, and Western 
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blotting methods. Therapeutic effectiveness also can be 
monitored by assessing various physical effects of nicotine, 
such as blood pressure. 

As described in detail beloW, the inventive nicotine hap 
ten-carrier conjugates can be processed to afford a compo 
sition Which can be readily administered to a patient. The 
preferred modes of administration include but are not lim 
ited to intranasal, intratracheal, oral, dermal, transmucosal 
subcutaneous injection and intravenous injection. The 
skilled artisan Will recogniZe that the initial injection may be 
folloWed by subsequent administration of one or more 
“boosters” of conjugate. Such a booster Will increase the 
production of antibodies against the nicotine hapten carrier 
conjugate of the invention. 
The vaccine compositions of the present invention may 

contain at least one adjuvant. The adjuvant used in the 
present invention Will be selected so that the effect of the 
carrier protein is not inhibited. Adjuvants used in the present 
invention are those Which are physiologically acceptable to 
humans, these include, but are not limited to, alum, QS-2l, 
saponin and MPLA (monophosphoryl lipid A). 
The vaccine compositions of the present invention may 

optionally contain one or more pharmaceutically acceptable 
excipients. The excipients useful in the present include 
sterile Water, salt solutions such as saline, sodium phosphate, 
sodium chloride, alcohol, gum arabic, vegetable oils, benZyl 
alcohols, polyethylene glycol, gelatin, mannitol, carbohy 
drates, magnesium stearate, viscous paraf?n, fatty acid 
esters, hydroxy methyl cellulose and buffers. Of course, any 
additional excipients knoWn to the skilled artisan are useful 
in the present invention. 

The hapten-carrier conjugates of the present invention, in 
order to be administered to a patient in need of treatment or 
prevention of nicotine addiction, are incorporated into a 
pharmaceutical composition. When the composition con 
taining the hapten-carrier conjugate is to be used for injec 
tion, it is preferable to solubiliZe the hapten-carrier conju 
gate in an aqueous, saline solution at a pharmaceutically 
acceptable pH. HoWever, it is possible to use an injectable 
suspension of the hapten-carrier conjugate. In addition to the 
usual pharmaceutically acceptable excipients, the composi 
tion may contain optional components to ensure purity, 
enhance bioavailability and/or increase penetration. 

Additionally, the vaccine composition may optionally 
contain at least one auxiliary agent, such as dispersion 
media, coatings, microspheres, liposomes, microcapsules, 
lipids, surfactants, lubricants, preservatives and stabiliZers. 
Of course, the any additional auxiliary agents knoWn to the 
skilled artisan are useful in the present invention. Also useful 
herein are any agents Which act to synergiZe the effect of the 
present vaccine composition. 

The pharmaceutical composition of the present invention 
is sterile and is su?iciently stable to Withstand storage, 
distribution, and use. Additionally, the composition may 
contain additional components in order to protect the com 
position from infestation With, and groWth of, microorgan 
isms. It is preferred that the composition is manufactured in 
the form of a lyophiliZed poWder Which is to be reconstituted 
by a pharmaceutically acceptable diluent just prior to admin 
istration. Methods of preparing sterile injectable solutions 
are Well knoWn to the skilled artisan and include, but are not 
limited to, vacuum drying, freeZe-drying, and spin drying. 
These techniques yield a poWder of the active ingredient 
along With any additional excipient incorporated into the 
pre-mix. 
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2. Administration of Antibodies Produced in Response to 
a Nicotine-Carrier Conjugate 

Passive immunization comprises administration of or 
exposure to a polyclonal antibody or monoclonal antibody 
Which has been raised in response to a nicotine hapten 
carrier conjugate of the invention. Such antibodies can be 
generated in animals or humans. Antibodies raised in 
response to a nicotine conjugate of the invention can be 
administered to prevent addiction to nicotine. For example, 
such antibodies can be administered to people considered to 
be at risk for developing addiction to nicotine, such as 
teenagers. Antibodies also are suitable for treating a patient 
addicted to nicotine. As discussed above, the antibodies Will 
bind nicotine in the blood, and prevent nicotine from cross 
ing the blood brain barrier. Antibodies raised by adminis 
tration of the inventive hapten-carrier conjugate have a 
molecular Weight range of from about 150 kDa to about 
1,000 kDa. 
The therapeutically e?‘ective amount of a therapeutic 

antibody of the invention Which is administered to a patient 
in need of treatment for nicotine addiction is readily deter 
mined by the skilled artisan. Suitable dosage ranges are 
141000 ug/dose. 
A therapeutic composition of the present invention com 

prises at least antibody produced in response to a nicotine 
carrier conjugate of the invention. These compositions of the 
present invention may optionally contain one or more phar 
maceutically acceptable excipients. The excipients useful in 
the present include sterile Water, salt solutions such as saline, 
sodium phosphate, sodium chloride, alcohol, gum arabic, 
vegetable oils, benZyl alcohols, polyethylene glycol, gelatin, 
mannitol, carbohydrates, magnesium stearate, viscous par 
af?n, fatty acid esters, hydroxy methyl cellulose and buffers. 
Of course, any additional excipients knoWn to the skilled 
artisan are useful in the present invention. 

The antibodies of the present invention, in order to be 
administered to a patient in need of treatment or prevention 
of nicotine addiction, are incorporated into a pharmaceutical 
composition. When the composition containing an antibody 
is to be used for injection, it is preferable to have the 
antibody in an aqueous, saline solution at a pharmaceutically 
acceptable pH. HoWever, it is possible to use an injectable 
suspension of the antibody. In addition to the usual phar 
maceutically acceptable excipients, the composition may 
contain optional components to ensure purity, enhance bio 
availability and/or increase penetration. 
A pharmaceutical composition comprising an antibody of 

the present invention is sterile and is suf?ciently stable to 
Withstand storage, distribution, and use. Additionally, the 
composition may contain additional components in order to 
protect the composition from infestation With, and groWth 
of, microorganisms. Methods of preparing sterile injectable 
solutions are Well knoWn to the skilled artisan and include, 
but are not limited to, vacuum drying, freeze-drying, and 
spin drying. These techniques yield a poWder of the active 
ingredient along With any additional excipient incorporated 
into the pre-mix. 

Kits Comprising Antibodies of the Invention 

The antibodies of the present invention also are useful in 
preparing a kit that can be used to detect and quantify 
nicotine levels in a sample. A kit according to the invention 
comprises a nicotine-speci?c antibody according to the 
invention, in a suitable container. For a radioimmunoassay, 
the kit may also comprise labeled nicotine. Nicotine in a 
sample is detected by binding labeled nicotine to the anti 
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body, and then competing the labeled nicotine from the 
antibody With the sample to be tested. An ELISA kit also 
Would comprise an antibody according to the invention. The 
ELISA may involve inhibition of antibody binding With 
knoWn amounts of nicotine compared to inhibition With a 
sample suspected of containing nicotine. This Would alloW 
determination of unknoWn nicotine in a sample, by com 
parison of sample With the standard inhibition curve of 
knoWn nicotine concentration. In another type of ELISA, a 
sample suspected of containing nicotine Would be incubated 
With a microtiter plate that has been coated With a substance 
that Will bind nicotine. The antibodies of the invention 
Would be added, and enZyme-linked anti-antibody antibod 
ies Would be added to the plates. Addition of substrate Would 
quantify the amount of nicotine bound to the plate. 

The folloWing examples are provided merely to further 
illustrate the preparation and use of the present invention. 
The scope of the invention is not limited to the folloWing 
examples. 

EXAMPLE 1 

Synthesis of a DerivitiZed Nicotine Hapten 
(Substituted at the 3' Position) 

The starting material for the synthesis of the hapten is 
trans-4'-carboxy-(—)-cotinine, available from commercial 
sources. Amodi?cation of the procedure described by Cush 
man and Castagnoli, Jr. (1972) J. Org. Chem. 
37(8):l2684l27l provides the alcohol, trans-3'-hydroxym 
ethyl-(—)-nicotine, after methyl esteri?cation of the acid 
folloWed by reduction of the ester. The alcohol is then 
sulfonated and the sulfonate is displaced With an aZido 
group, Which is ?nally reduced to an amine. 

4 g of trans-4'-carboxy-(—)-cotinine are dissolved in 50 
mL of a solution of 2 N sulfuric acid in dry methanol and 
stirred overnight at room temperature. The resulting suspen 
sion is ?ltered through a Whatman No. l ?lter paper and 
added sloWly to 100 mL of a saturated solution of sodium 
bicarbonate. The ester is extracted With dichloromethane to 
a?ford 4.2 g of a pink oil after solvent evaporation. 

A solution of 3.9 g of the ester in dry tetrahydrofuran (100 
mL) is added dropWise to a suspension of 4 equivalents of 
lithium aluminum hydride in dry tetrahydrofuran (70 mL) 
under dry argon. The suspension is stirred for tWo hours at 
room temperature. Excess hydride is destroyed by careful 
and controlled addition of Water While cooling in an ice bath. 
The resulting White precipitate is ?ltered olf and the ?ltrate 
dried over sodium sulfate and concentrated under reduced 
pressure to afford 2.7 g of the alcohol as a yelloW oil. 

The alcohol (1.9 g) is dissolved in 20 mL of dichlo 
romethane. Triethylamine (0.75 mL) and p-toluenesulfonyl 
chloride(l g) are then successively added to the solution. 
The orange solution is stirred for 24 hours at room tempera 
ture. Precipitated triethylamine hydrochloride is ?ltered olf 
on a Celite bed and the ?ltrate is concentrated under reduced 
pressure to give a broWn oil. The sulfonate is puri?ed on a 
silica ?ash chromatography column eluted With 5% metha 
nol in dichloromethane to give 2.1 g of a yelloW oil. 

The sulfonate (1.8 g) is displaced using sodium aZide (0.8 
g) in 50 mL dimethylformamide for one hour at 800 C. After 
evaporation of dimethylformamide under high vacuum, the 
residue is dissolved in dichloromethane, Washed With Water 
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and brine and dried over sodium sulfate. After solvent 
evaporation, the aZide (1.1 g) is obtained as a brownish oil. 

The addition of the aZide in dry tetrahydrofuran (20 mL) 
to a suspension of lithium aluminum hydride in dry tetrahy 
drofuran (50 mL) readily produced the desired amine as 
monitored by thin layer chromatography. Proton and carbon 
nuclear magnetic resonance spectra of the puri?ed amine 
corresponded to the expected structure. 

EXAMPLE 2 

Synthesis of a DerivitiZed Nicotine Hapten 
(Substituted at the 4' Position) 

Introduction of a functionaliZed arm on position 4' of 
nicotine can be achieved by enolate alkylation of cotinine 
folloWed by reduction of the alkylated product. Various 
alkylating agents can be used like an appropriately protected 
3-bromo-propylamine. As examples, 3-bromo-N-carboben 
Zyloxy-propylamine or N-(3-bromopropyl)-phtalamide can 
be used. The amine protecting group Will have to be 
removed after alkylation and reduction and prior to conju 
gation to a carrier protein. Enolate alkylation of cyclic 
lactams (containing the pyrrolidinone ring) is Well docu 
mented in the literature (see G. Helmchen et al. (1995) 
Steroselective Synthesis in Houben- Weyl-Melhods of 
Organic Chemistry, Vol. E21a, 7624881, Thieme, Stuttgart, 
Germany, for a general revieW, and A. J. Meyers et al. (1997) 
J. Am. Chem. Soc, 119, 456444566, for steric considerations 
of the reaction). There are also some examples of enolate 
alkylation of cotinine itself (N.-H. Lin et al. (1994) J. Med. 
Chem., 37, 354243553). An interesting preparation of 
4'-acetyl-nicotine, as a 1:1 mixture of tWo epimers, Was 
achieved using a tandem cationic aZa-Cope rearrangement 
Mannich cycliZation reaction starting from a ketone (or an 
aldehyde) and a 2-alkoxy-3-alkenamine (L. E. Overman 
(1983) J. Am. Chem., Soc, 105, 66246629). This reaction 
can be extended to produce 4'-aldehydo-nicotine, suitable 
for conjugation. 

3-bromo-propylamine hydrobromide (4.2 g) Was sus 
pended in 50 mL dichoromethane and triethylamine (about 
7 mL) Was added until a clear solution Was obtained. The 
solution Was cooled to 0° C. and benZyl chloroforrnate (2.5 
mL) Was added dropWise. The reaction Was alloWed to 
proceed at room temperature for 16 hours under stirring. The 
precipitating salts Were ?ltered off and the clear organic 
layer Was Washed With cold Water, cold 1 N HC1 and cold 
Water, dried on sodium sulfate and evaporated under reduced 
pressure to a yelloW oil (2.93 g of crude material). 

Cotinine (62 mg) and 3-bromo-N-carbobenZyloxy-propy 
lamine (100 mg) Were separately co-evaporated With dry 
toluene. Cotinine Was dissolved in 5 mL of freshly distilled 
anhydrous tetrahydrofuran, 60 pL of N,N,N',N'-tetrameth 
ylenediamine (TMEDA) Were added and the solution cooled 
to —780 C. by immersion in an ethanol dry ice bath. The 
cotinine solution Was added dropWise to a solution of 
lithium diisopropylamide (LDA, 200 pL of a 2 M solution in 
heptane-tetrahydrofuran) in tetrahydrofuran, previously 
cooled to —780 C. The orange mixture is stirred for 15 
minutes at —780 C. and then left to Warm up in an ice bath 
(2 to 6° C.). The reaction Was then cooled again to —780 C. 
and 3-bromo-N-carbobenZyloxy-propylamine dissolve in 
anhydrous tetrahydrofuran added dropWise for 15 minutes. 
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The reaction mixture Was left to Warm-up to —100 C. and 

then quenched With methanol. The reaction product Was 
puri?ed by ?ash chromatography on a silica gel column. 
Reduction of the amide of this cotinine derivative Was 
achieved With borane folloWed by cesium ?uoride in hot 
ethanol. The ?nal amine Was obtained after removal of the 
carbobenZyloxy group in acidic conditions. 

EXAMPLE 3 

Synthesis of a DerivitiZed Nicotine Hapten 

(Substituted at the 5' Position) 

Introduction of a functionaliZed arm on position 5' of 

nicotine can be achieved by reacting appropriately protected 
alkyl lithium compounds With cotinine, folloWed by reduc 
tion With sodium cyanoborohydride, in procedures similar to 
those described by Shibagaki et al. (1986) Helerocycles, 24, 
4234428 and N.-H. Lin et al. (1994) supra. 

EXAMPLE 4 

Conjugation of a DerivitiZed Nicotine Hapten to a 
Carrier Protein 

Recombinant exoprotein A (rEPA) is linked to the deriv 
itiZed nicotine hapten through a succinic acid arm. The 15 
lysines of rEPA Were readily succinylated With succinic 
anhydride. Then, in a typical conjugation reaction, a 5 to 10 
mg/mL solution of the succinylated recombinant exoprotein 
A (Suc-rEPA) in a 2-(N-morpholino) ethanesulfonic acid 
(MES) buffer 0.05 M containing 0.15 M NaCl at pH 6.0 Was 
prepared. An equal Weight of 3'-aminomethyl-(—)-nicotine 
(3'AMNic) hapten dissolved in a minimal amount of dis 
tilled Water Was added to the protein solution. The pH of the 
hapten solution Was adjusted to 6.0 With 0.1 N HCl before 
addition. Finally, an equal Weight of 1-ethyl-3-(3-diethy 
lamino)propyl carbodiimide hydrochloride (EDC) Was 
added to the hapten protein mixture and the reaction pro 
ceeded for 30 min at room temperature While stirring. The 
thus obtained nicotine conjugate Was puri?ed on a Sephadex 
G-25 column eluted With phosphate buffer saline (PBS) at 
pH 7.4. Conjugate recoveries Were in the 80 to 90% range. 

EXAMPLE 5 

Conjugation of Nicotine-Loaded Matrix 

This example describes synthesis of a hapten carrier 
conjugate comprising 3'-aminomethyl-(—)-nicotine as a 
derivitiZed hapten, recombinant exoprotein A (rEPA) as a 
carrier protein, adipic acid dihydraZide (ADH) as a linker 
and poly-L-glutamic acid as a “matrix,” or polymer support, 
for the haptens 
A poly-L-glutamic acid having an average molecular 

Weight of 39,900 With a polydispersity of 1.15 and a degree 
of polymerization of 264 Was used in this example. The 
reacting amounts of hapten and polymer Were calculated so 
that the target degree of substitution is about 80%. That is, 
When 80% substitution is reached, about 208 hapten units 
Were conjugated, out of a total 264 repeat units in an average 
molecule of the glutamic acid polymer. 
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This nicotine-loaded poly-L-glutamic acid has the folloW 
ing formula: 

Ho 

0 

H 0 

NH 0H 
4 NH 

0 

~52 

0 

NH 

\ N 

N/ cH3 

As indicated in the ?gure, the polyglutamic acid polymer 
comprises about 52 glutamine residues. This number Will 
vary, depending on the batch and source of the polyamino 
acid residue chosen for the matrix. Also, the ?gure indicates 
that 4 nicotine haptens for each repeating unit. This number 
Will vary depending on the ratio of reactants used When the 
matrix and the nicotine hapten are conjugated. 

Following conjugation With the derivitiZed nicotine, the 
unreacted carboxylic groups (about 20%) Were then deriva 
tiZed With ADH. When this matrix Was conjugated to a 
carrier, as described in Example 6, the molar ratio of the 
nicotine-loaded matrix to protein Was 1:1. Thus, in this 
conjugate, the theoretical nicotine hapten to protein molar 
ratio Would be 200:1, at the completion of the conjugation 
reaction. 

The actual ratio of nicotine substitution on the poly 
glutamic acid Was estimated using NMR analysis of the 
product. The intensity of the glutamic acid a-hydrogen peak 
relative to the four hydrogens of the pyridine ring of the 
nicotine provide the proportion of nicotine incorporated. 
The estimated average ratio Was 143:1 (nicotine/carrier 
protein). 

EXAMPLE 6 

Preparation of a Nicotine Conjugate Vaccine Using 
Nicotine-loaded Matrix 

A. Loading the Nicotine Hapten on the Matrix 
10 mg of poly-L-glutamic acid salt (Sigma, Cat #P4761) 

Were dissolved in 2 mL of 0.05 M 2-(N-morpholino) 
ethansulfonic acid (MES) bulTer containing 0.15 M NaCl at 
pH 6.0. 10 mg of 3'-aminomethyl-(—)-nicotine Were dis 
solved in a minimal amount of distilled Water and the pH of 
the solution Was adjusted to pH 6.0 With 0.1N HCl. The 
nicotine hapten solution Was added dropWise to the polypep 
tide solution While stirring and Was subsequently adjust to a 
pH of 6.0. 20 mg of solid 1-ethyl-3-(3-dimethylaminopro 
pyl)carbodiimide hydrochloride (EDC) Were then added in 
three portions to the hapten-polypeptide mixture over a 
period of 20 minutes. The reaction Was alloWed to proceed 
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for one hour at room temperature. The reaction product 

(nicotine-substituted matrix) Was dialyZed against three 
changes of Water and lyophiliZed. 12 mg of nicotine-substi 
tuted polyglutamic acid Were obtained as a White ?ulTy 
material. 

B. Attachment of the Linker to the Nicotine-Substituted 
Matrix 

10 mg of nicotine-substituted polyglutamic acid Were 
dissolved in 2 mL of MES bulTer at pH 6.0. 8 mg of adipic 
acid dihydraZide (ADH) folloWed by 10 mg of EDC Were 
added to the solution While stirring. The reaction Was 
alloWed to proceed for 1 hour at room temperature. The 
obtained solution Was ?nally dialyZed against three changes 
of MES bulTer at pH 6.0. 

C. Conjugation to the Carrier Protein 

10 mg of recombinant exoprotein A (rEPA) Were dis 
solved in 2 mL of 0.05 M MES bulTer at pH 5.6 containing 
0.15 NaCl. A volume of ADH-bound nicotine-substituted 
polyglutamic acid solution estimated to contain 7.5 mg of 
this derivatiZed material Was added to the protein solution. 
Solid EDC Was added to this mixture in three portions over 
a period of 20 minutes While stirring at room temperature. 
The reaction Was alloWed to proceed at room temperature 
overnight. The resulting conjugate Was ?nally puri?ed on a 
Sephadex G-25 column, and eluted With phosphate bu?cered 
saline (PBS) at pH 7.4. This produces a puri?ed preparation 
of conjugate, Wherein the conjugate contains only the (S) 
(—)form of nicotine. 

EXAMPLE 7 

Characterization of the Nicotine Carrier Conjugate 
of Example 4 

The puri?ed conjugate vaccine of Example 4 Was ana 
lyZed on a Superose 12 siZe exclusion chromatography 
column and eluted With PBS at pH 7.4. The hapten to protein 
molar ratio of 11 to 17 Was calculated by determining the 
increase of the UV absorption at 260 nm after the incorpo 
ration of nicotine, relative to the absorption at 280 nm. This 
range Was determined by calculating the hapten/ carrier 
protein ratio of six separate prepared lots of hapten-carrier 
conjugate (lot 1: 17.2, lot 2: 16.2, lot 3: 13.2; lot 4: 12.0; lot 
5: 11.0; lot 6: 17.2). Further analysis to determine this ratio 
using MALDI-TOF mass spectrometry gave essentially the 
same numbers as obtained by UV absorbance di?cerence. 
The protein concentration of the conjugate vaccine Was 
determined using a BCA assay. A stability study of the 
nicotine-carrier conjugate of example 4 Was carried out. The 
study used the vaccine vialed in 1 mL glass vials at a 
concentration of 0.5 mg/mL and the stability of the vialed 
vaccine Was tested at three di?cerent temperatures: —700 C., 
2 to 80 C. and room temperature. 

EXAMPLE 8 

Stability of the Nicotine Carrier Conjugate of 
Example 4 

The conjugation procedure based on the formation of 
amide bonds betWeen hapten-linker-carrier rather than ester 
bonds appeared bene?cial as observed in the stability of the 
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conjugate for six months at —700 C., 2 to 80 C. and even at 
room temperature. The stability study consisted of monitor 
ing and assaying the conjugate vaccine using the following: 

1.) Visual observation to look for any particulates formed 
(turbidity, precipitation). 

2.) Checking for any signi?cant pH change. 
3.) SiZe exclusion chromatography pro?le in combination 

With UV absorption at 260 and 280 nm to determine if the 
ratio of nicotine incorporation changed. 

4.) Reversed phase chromatography to check for any 
carrier protein degradation. 

5.) SDS PAGE With silver staining looking for any 
proteolytic cleavage of the conjugated protein. 

The conjugation procedure based on the formation of an 
amide bond betWeen the hapten and the linker as Well as 
betWeen the linker and the carrier appeared bene?cial as 
observed in the stability of the conjugate for six months at 
—700 C. and 2 to 80 C. 

EXAMPLE 9 

Evidence of Immunogenicity of the Carrier 
Conjugate of Examples 4 and 6 

TWo nicotine hapten-carrier conjugate vaccines Were used 
to immuniZe mice, rats, and rabbits. 

A. Animal Tests-polyclonal Antibodies 
Animals Were immunized using standard protocols. In 

mice, three subcutaneous injections of vaccine Were 
administered, tWo Weeks apart, With test bleeds per 
formed one Week folloWing the ?rst and second injec 
tion, and exsanguination occurring one Week following 
the third injection. Serum samples Were evaluated in an 
ELISA assay, described in Example 10. The ELISA 
assay utiliZed 3' AMNic-pGlu bound to microtiter 
plates. 

Rats Were immunized intraperitoneally With the vaccines 
three times. Injections Were given tWo Weeks apart With test 
bleeds performed one Week folloWing the ?rst and second 
injection. The rats Were then exsanguinated one Week after 
the third injection. Freund’s complete adjuvant Was used for 
the ?rst injection, and incomplete Freund’s adjuvant for the 
subsequent injections. Serum samples Were evaluated in an 
ELISA assay. 

Rabbits Were immuniZed intramuscularly three times, 
three Weeks apart With 100 pg of vaccine. The initial 
injection contained Freund’s adjuvant, With subsequent 
injections containing incomplete Freund’s adjuvant. Rabbits 
Were test bled one Week folloWing the second and third 
injections to ensure adequate titers for production bleeding. 
If adequate titer Was acquired as measured by ELISA, 
rabbits Were then placed on a Weekly production bleed 
schedule (20 to 40 mL serum per rabbit). Antibody titers 
Were monitored over time and animals Were boosted if 
necessary to restore antibody levels. 

The results of these immunogenicity studies are shoWn in 
Tables 145. Tables 1 and 2 shoW the results of an immuno 
genicity study in mice. In Table 1, the conjugate used Was 
3'aminomethyl-(—)-nicotine-succinyl-rEPA (Example 4). In 
Table 2, the conjugate used Was 3-aminomethyl-(—)-nico 
tine-polyglutamic acid-ADH-rEPA (Example 6). These 
Tables shoW generation of high titers of antibodies that 
speci?cally bind nicotine. Furthermore, these conjugates 
shoWed the ability to induce the booster response. 

Tables 3 and 4 shoW the results of an immunogenicity 
study in rats. In Table 3, the conjugate used Was 3'aminom 
ethyl-(—)-nicotine-succinyl-rEPA (Example 4). In Table 4, 
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the conjugate used Was 3-aminomethyl-(—)-nicotine-poly 
glutamic acid-ADH-rEPA (Example 6). These Tables shoWn 
generation of high titers of antibodies that speci?cally bind 
nicotine. Furthermore, these conjugates shoWed the ability 
to induce the booster response. 

Table 5 shoWs the results of an immunogenicity study in 
rabbits. Using either 3'aminomethyl-succinyl-rEPA (Ex 
ample 4) or 3-aminomethyl-polyglutamic acid-ADH-rEPA 
(Example 6), high titers of antibodies Were generated against 
the tWo conjugate. Those titers remained elevated for more 
than 6 months. 

TABLE 1 

Treatment of mice With 3'AMNic-Suc-rEPA 

Number of Titer 

Animals Dose 1 injection 2 injections 3 injections 

10 1 pg 0 36 4,280 

10 5 pg 1 884 10,727 

10 15 pg 3 2,476 14,160 

Dose is based on protein assay 

Titer is the arithmetic mean, one Week after corresponding injection. 

TABLE 2 

Treatment of mice With 3' AMNic-pGlu-ADH-rEPA 

Number of Titer 

Animals Dose 1 injection 2 injections 3 injections 

10 2 pg 2 739 6,586 

10 10 pg 2 2,490 9,573 

10 30 pg 11 2,822 8,195 

Dose is based on dry Weight of lyophilized conjugate 

Titer is the arithmetic mean, one Week after corresponding injection. 

TABLE 3 

Treatment of rats With 3' AMNic-Suc-rEPA 

Number of Titer 

Animals Dose 1 injection 2 injections 3 injections 

3 15 pg 18 7,942 9,947 

3 25 pg 4 1,446 5,991 

3 50 pg 353 7,211 8,996 

Dose is based on protein assay 

Titer is the arithmetic mean, one Week after corresponding injection. 








